We present FORTE, a profile-profile comparison tool for protein fold recognition. Users can submit a protein sequence to explore the possibilities of structural similarity existing in known structures. Results are reported via email in the form of pairwise alignments. Availability: The server is available at http://www.cbrc.jp/forte/ Contact: tomii@cbrc.jp Bioinformatics 20 (4) 
Building protein 3D models often provides us very useful information to understand their biological/biochemical functions. Through distant comparative modeling and fold recognition we have learned that the most important factor influencing model quality still remains with alignment accuracy (Venclovas et al., 2001) . We have also realized that fold recognition methods utilizing multiple sequence alignments outperform other methods (Fischer et al., 2001) . To increase the sensitivity of fold recognition and improve alignment accuracy we have constructed a novel fold recognition server, called FORTE, based on a profile-profile comparison method.
For profile comparisons several measures of similarity between two profile columns have been proposed. For example, Rychlewski et al. (2000) employed the dot product as a measure of similarity. The Jensen-Shannon divergence was used as a measure by Yona and Levitt (2002). von Öhsen et al. (2003) proposed the log average scoring formula which is a natural extension of the original log-odds scoring scheme. To measure the similarity between two profile columns we employ the Pearson's correlation coefficient that is good at extracting changes around an average distribution, while the dot product measures direction cosine from the coordinate origin point. Fold recognition performance depends on the measure used (Panchenko, 2003) . According to our preliminary study, using 948 single domain proteins selected so that any pair of proteins has 30% or less sequence identity by PDB-REPRDB (Noguchi and Akiyama, 2003) , we find that compared with the dot product the correlation coefficient has an advantage in the sensitivity of fold recognition at the * To whom correspondence should be addressed. SCOP family, superfamily and fold level (data not shown). As far as we know this is the first server which employs the correlation coefficient as the similarity measurement between two profile columns for protein fold recognition. This scoring scheme implies that we measure the similarity of the amino acid substitution tendency between any pair of positions in two proteins to be compared.
To align two profiles the standard dynamic programming algorithm is employed. The dynamic programming algorithm requires the matrix containing the similarity score for each pair of positions in the profiles to be compared. When two profiles X = x 1 x 2 x 3 · · · x n and Y = y 1 y 2 y 3 · · · y m are given, in our method the similarity score for each pair of profile columns is defined as the correlation coefficient of them as stated above:
where c pq = similarity score between a profile column; x p at position p in the profile X and a profile column; y q at position q in the profile Y ; x pi = an element of a profile column x p ; y qi = an element of a profile column y q ; x p = average value of a profile column x p ; y q = average value of a profile column y q .
To build an optimal alignment of a query sequence profile onto a template one we employ the global-local algorithm which is based on the global alignment algorithm with no penalty for the terminal gaps. The statistical significance of each alignment score is estimated by calculating Z-scores with a simple log-length correction. The candidates of the templates are sorted by Z-scores, and then the top 20 alignments and Z-scores are reported via email (Fig. 1 ).
The FORTE system utilizes position-specific score matrices (PSSMs) of both the query and templates to predict the structure of query sequence. The sequences of templates are derived from the ASTRAL (Chandonia et al., 2002) 40% identity list and selected PDB entries (Berman et al., 2000) which are not registered in the SCOP (Murzin et al., 1995) database. The template library is mainly updated according to the update of the SCOP database. To obtain sequence PSSMs of both the query and templates PSI-BLAST (Altschul et al., 1997) iterations are performed maximally 20 times. We use 0.0005 as the E-value threshold for inclusion in the next pass (Pearl et al., 2002) . To benefit from the flexibility in scaling we exploit the makemat program of the IMPALA package (Schäffer et al., 1999) to prepare the PSSMs.
Both employing the correlation coefficient as the measure of the similarity for each pair of profile (PSSM) columns, and the use of massive sequence information help us to improve the prediction accuracy of our method. Among the methods which use exclusively sequence information our server (FORTE1) has received the highest score for both alignment accuracy (the sum of the scores for first models) and the sensitivity (the number of correct first models) on hard targets at the LiveBench type evaluation of CAFASP-3 results based on the CASP definition of domains and the number of Cα atoms within 3Å after superposition of the target and model structures (see http://bioinfo.pl/Meta/results.pl?B=CAFASP&V=3&D=1). This result seems to be consistent with the tendency that Panchenko has shown, because the relationships between the target and template proteins on this category contain a wide range of structural similarities akin to VAST neighbors in her survey (Panchenko, 2003) .
We are now preparing to visualize additional information of the results, e.g. secondary structures, residue numbers and explanations of Z-scores and databases.
